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Inspired by the newly observed Ω(2012) state at Belle II, we investigate the two-body strong decays of Ω
baryons up to N = 2 shell within the chiral quark model. Our results indicate that: (i) the newly observed
Ω(2012) state could be assigned to the spin-parity JP = 3/2− state |70,2 10, 1, 1, 3
2
−〉 and the experimental
data can be reasonably described. However, the spin-parity JP = 1/2− state |70,2 10, 1, 1, 1
2
−〉 and spin-parity
JP = 3/2+ state |56,4 10, 2, 0, 3
2
+〉 can’t be completely excluded. (ii) The D-wave states in the N = 2 shell are
most likely to be narrow states with a width of dozens of MeV and have a good potential to be observed in the
ΞK and/or Ξ(1530)K channels in future experiments. The Ω(2250) resonance listed in PDG may be a good
candidate of the JP = 5/2+ 1D wave state |56,4 10, 2, 2, 5/2+〉.
PACS numbers:
I. INTRODUCTION
Searching for the missing baryon resonances and under-
standing the baryon spectrum are important topics in hadron
physics. In the past years, for the limitations of experimental
conditions, our knowledge about Ω spectrum is still scarce.
There are only a few data on the Ω resonances. In the review
of the Particle Data Group (PDG) [1], only four Ω baryon
states are listed: Ω(1672), Ω(2250), Ω(2380), and Ω(2470).
Except the ground state Ω(1672) being well established with
four-star ratings, the nature of the other three excited states
are still rather uncertain with three- or two-star ratings. For-
tunately, the Belle II experiments offer a great opportunity for
our study of the Ω spectrum.
Very recently, Belle II Collaboration reported a new excited
hyperon, an Ω∗− candidate (denoted by Ω(2012) here), in the
Ξ0K− and Ξ−K0 mass distributions very recently [22]. Its
mass and decay width are measured to be
M = 2012.4± 0.7 (stat) ± 0.6 (syst) MeV (1)
and
Γ = 6.4+2.5−2.0 (stat) ± 0.6 (syst) MeV, (2)
respectively. In various models and methods, such as the
Skyrme model [2], quark model [3–12], lattice gauge the-
ory [13, 14] and so on [15–19], the masses of the first or-
bital excitations of Ω(1672) are predicted to be ∼ 2.0 GeV.
Thus, the newly observed Ω(2012) may be a good candidate
of the first orbital (1P) excitations of Ω(1672). In Ref. [7],
the mass of 2S state (the first radially excitation of Ω(1672))
with JP = 3/2+ was predicted to be 2065 MeV, which is also
close to the mass of Ω(2012). To further determine the spin-
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parity quantum numbers and inner structure of Ω(2012), be-
sides its mass one should study its other properties, such as
magnetic moments, radiative and strong decays properties, as
well. In the early literature, limited discussions exist on the
magnetic moments [20], radiative decays [21] of the Ω res-
onances. In present work we will attempt to understand the
inner structure of this newly observed state Ω(2012) by ana-
lyzing the strong decay properties of its possible candidates
within a chiral quark model, so that our theoretical widths can
be compared with the measured width directly.
The chiral quark model [23] is developed and successfully
used to study the Okubo-Zweig-Iizuka (OZI) allowed two-
body strong decays of the heavy-light mesons [24–27] and
baryons [28–35]. In this framework, the spatial wave func-
tions of heavy baryons are described by harmonic oscillators,
and an effective chiral Lagrangian is then introduced to ac-
count for the quark-meson coupling at the baryon-meson in-
teraction vertex. The light pseudoscalar mesons, i.e., π, K, and
η, are treated as Goldstone bosons. Since the quark-meson
coupling is invariant under the chiral transformation, some
of the low-energy properties of QCD are retained [23, 36–
38]. Within the chiral quark model, the OZI allowed two-
body strong decays of Ω baryons up to N = 2 shell are an-
alyzed in present work. The quark model classification for
the Ω baryons and their theoretical masses are listed in Table
I. According to our calculations, we obtain that (i) the newly
observed Ω(2012) resonance could be assigned to the spin-
parity JP = 3/2− state |70,2 10, 1, 1, 3
2
−〉 and the experimental
data can be reasonably described. However, the spin-parity
JP = 1/2− state |70,2 10, 1, 1, 1
2
−〉 and spin-parity JP = 3/2+
state |56,4 10, 2, 0, 3
2
+〉 can’t be completely excluded.(ii) The
D-wave states in the N = 2 shell are most likely to be narrow
states with a with of dozens of MeV and have a good potential
to be observed in their corresponding dominant decay chan-
nels. The Ω(2250) resonance listed in PDG may be a good
candidate of the JP = 5/2+ 1D wave state |56,4 10, 2, 2, 5/2+〉.
This paper is organized as follows. In Sec. II we give a
brief introduction of the chiral quark model. we present our
2TABLE I: The theoretical masses (MeV) and spin-flavor-space wavefunctions of baryons, denoted by |N6,2S+1 N3, N, L, JP〉 [30]. The Clebsch-
Gordan series for the spin and angular-momentum addition |J, Jz〉=
∑
Lz+S z=Jz 〈LLz, S S z|JJz〉ΨσNLLzχS z has been omitted.
Theory
State Wave function Experiment [1] [4] [3] [2] [7]
|56,4 10, 0, 0, 3
2
+〉 |56,4 10〉Ψs
000
1672.45 1678 1635 1694 1675
|70,2 10, 1, 1, 1
2
−〉 |70,2 10〉ρΨρ
11Lz
+ |70,2 10〉λΨλ
11Lz
· · · 1941 1950 1837 2020
|70,2 10, 1, 1, 3
2
−〉 |70,2 10〉ρΨρ
11Lz
+ |70,2 10〉λΨλ
11Lz
· · · 2038 2000 1978 2020
|70,2 10, 2, 0, 1
2
+〉 |70,2 10〉ρΨρ
200
+ |70,2 10〉λΨλ
200
· · ·
2301
2220
2140
2190
|56,4 10, 2, 2, 1
2
+〉 |56,4 10〉Ψs
22Lz
· · · 2255 2210
|56,4 10, 2, 0, 3
2
+〉 |56,4 10〉Ψs
200
· · ·
2173/2304
2165
2282
2065
|56,4 10, 2, 2, 3
2
+〉 |56,4 10〉Ψs
22Lz
· · · 2280 2215
|70,2 10, 2, 2, 3
2
+〉 |70,2 10〉ρΨρ
22Lz
+ |70,2 10〉λΨλ
22Lz
· · · 2345 2265
|56,4 10, 2, 2, 5
2
+〉 |56,4 10〉Ψs
22Lz
· · ·
2401
2280 · · · 2225
|70,2 10, 2, 2, 5
2
+〉 |70,2 10〉ρΨρ
22Lz
+ |70,2 10〉λΨλ
22Lz
· · · 2345 · · · 2265
|56,4 10, 2, 2, 7
2
+〉 |56,4 10〉Ψs
22Lz
· · · 2332 2295 · · · 2210
numerical results and discussions in Sec. III and summarize
our results in Sec. IV.
II. THE CHIRAL QUARK MODEL
In the chiral quark model, the effective low energy quark-
pseudoscalar-meson coupling in the SU(3) flavor basis at tree
level is given by [23]
Hm =
∑
j
1
fm
ψ¯ jγ
j
µγ
j
5
ψ j~τ · ∂µ~φm, (3)
where fm stands for the pseudoscalar meson decay constant.
ψ j corresponds to the jth quark field in a baryon and φm de-
notes the pseudoscalar meson octet
φm =

1√
2
π0 + 1√
6
η π+ K+
π− − 1√
2
π0 + 1√
6
η K0
K− K¯0 −
√
2
3
η
 . (4)
To match the nonrelativistic harmonic oscillator spatial
wave function ΨNLLz in the calculations, we adopt a nonrel-
ativistic form of Eq. (3) and get [36–38]
Hnrm =
∑
j
{
ωm
E f + M f
σ j · P f + ωm
Ei + Mi
σ j · Pi
−σ j · q + ωm
2µq
σ j · p′j
}
I jϕm, (5)
where (Ei, pi), (E f , p f ) and (ωm, q) stand for the energy and
three-vector momentum of the initial baryon, final baryon and
meson, respectively. σ j is the Pauli spin vector on the jth
quark, and µq is a reduced mass expressed as 1/µq = 1/m j +
1/m′
j
. p′
j
= p j − (m j/M)Pc.m. is the internal momentum of
the jth quark in the baryon rest frame. ϕm = e
−iq·r j and eiq·r j
for emitting and absorbing a meson, respectively. The isospin
operator I j associated with the pseudoscalar meson is given
by
I j =

a
†
j
(u)a j(s) for K
−,
a
†
j
(d)a j(s) for K¯
0,
1√
2
[a
†
j
(u)a j(u) + a
†
j
(d)a j(d)] cos θ
−a†
j
(s)a j(s) sin θ for η.
(6)
Here, a
†
j
(u, d, s) and a j(u, d, s) are the creation and annihila-
tion operator for the u, d, s quarks on jth quark. θ is the
mixing angle of the η meson in the flavor basis [1].
For the decay processes, we select the initial-baryon-rest
system in the calculations. Then, pi = 0 and p f = −q. The
Eq. 5 can be further simplified and the partial decay ampli-
tudes for B → B′M can be calculated by
M[B → B′M] = 3
〈
B′
∣∣∣∣{Gσ3 · q + hσ3 · p′3} I3e−iq·r3
∣∣∣∣B
〉
, (7)
with
h ≡ ωm
2µq
, G ≡ −( ωm
E f + M f
+ 1), (8)
where B′ and B stand for the final and initial baryon wave
functions listed in Table. I.
With the derived decay amplitudes, the partial decay width
for the emission of a light pseudoscalar meson is calculated
by
Γ =
(
δ
fm
)2 (E f + M f )|q|
4πMi
1
2Ji + 1
∑
JizJ f z
|MJiz,J f z |2, (9)
where Jiz and J f z represent the third components of the to-
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FIG. 1: The strong decay properties of the 1P-wave states in the
N = 1 shell.
tal angular momenta of the initial and final baryons, respec-
tively. δ is a global parameter accounting for the strength of
the quark-meson couplings.
In this work, the standard quark model parameters are
adopted. Namely, we set ms = 450 MeV for the constituent
quark mass. The decay constants for K and η are taken as
fK = fη = 160 MeV. The harmonic oscillator parameter α
in the wave function ΨNLLz is adopted as α = 400 MeV. The
masses of the final mesons and baryons are taken from the
PDG [1]. For the global parameter δ, we fix its value the same
as our previous study of the strong decays of Ξ baryons [30],
i.e., δ = 0.576.
III. RESULTS AND ANALYSIS
Inspired by the newly observed Ω∗− candidate by Belle II
Collaboration [22], we carry out a systematic study of the
strong decays of Ω baryons up to N = 2 shell with a chiral
quark model. Since the predicted mass of the Ω− in the rel-
ativistic quark model [7] well agrees with the experimental
measurement in PDG [1], we adopt the predicted masses of
the Ω resonances from Ref. [7] (see Table I) in our calcula-
tion.
A. 1P wave states in the N = 1 shell
There are two 1P wave states |70,2 10, 1, 1, 1/2−〉 and
|70,2 10, 1, 1, 3/2−〉 according to the quark model classifica-
tion (see Table I). Their spin-parity quantum numbers are
JP = 1/2− and JP = 3/2−, respectively. It is seen that the
predicted masses in various quark models for these two 1P
wave states are about 2000 MeV, which are close to the mass
of the newly observedΩ∗− candidate [22]. As the possible as-
signments of the newly observedΩ(2012) state, it is crucial to
study the decay properties of the two states.
Considering the Ω(2012) state as candidates of both the
JP = 1/2− and JP = 3/2− states, we calculate their strong
decay properties, our results are shown in Table II. As a candi-
date of the JP = 3/2− state |70,2 10, 1, 1, 3/2−〉, the predicted
width
Γthtotal[Ω(2012)] = 6.6 MeV, (10)
and branching fraction ratio
R = B[Ω(2012)→ Ξ
0K−]
B[Ω(2012)→ Ξ−K¯0] ≃ 1.12, (11)
are highly consistent with the measured width Γexp = 6.4+2.5−2.0±
0.6 MeV and ratio Rexp = 1.2 ± 0.3 of the newly observed
Ω(2012) state, .
Meanwhile, as candidate of the JP = 1/2− state
|70,2 10, 1, 1, 1/2−〉, the predicted width for Ω(2012) is
Γthtotal[Ω(2012)] = 15.2 MeV, (12)
and the branching fraction ratio is predicted to be
R = B[Ω(2012)→ Ξ
0K−]
B[Ω(2012)→ Ξ−K¯0] ≃ 0.95, (13)
The predicted total decay width of is about 2.5 times larger
than the measured width of Ω(2012). Considering the model
uncertainties, the possibility as the assignment of JP = 1/2−
state |70,2 10, 1, 1, 1/2−〉 can’t be excluded.
TABLE II: The predicted partial and total decay widths (MeV) of the
assignments |70,2 10, 1, 1, 1/2−〉 and |70,2 10, 1, 1, 3/2−〉 with a mass
of M = 2012 MeV.
States Γ[Ξ0K−] Γ[Ξ−K¯0] Γth
total
|70,2 10, 1, 1, 1/2−〉 7.43 7.82 15.2
|70,2 10, 1, 1, 3/2−〉 3.51 3.12 6.64
Considering the uncertainties of the predicted masses, we
plot the variation of the decay properties of the two states
as functions of the masses in Fig. 1. The total decay width
of |70,2 10, 1, 1, 1/2−〉 is about Γ ∼ (12 − 18) MeV with the
mass varied in the range of (1900-2100) MeV and insensi-
tive to its mass within the considered range. For the state
|70,2 10, 1, 1, 3/2−〉, if it lies below the threshold of Ξ(1530)K,
its dominant decay mode is ΞK with a fairly narrow width
Γ < 8 MeV. However, if its mass is above the threshold of
Ξ(1530)K, it mainly decays into Ξ(1530)K channel and its to-
tal decay with may reach up to Γ ∼ 90 MeV with the mass
M = 2100 MeV.
4TABLE III: The predicted partial and total decay widths of the S - and D-wave states in the N = 2 shell. Γth
total
stands for the total decay width
and B represents the ratio of the branching fraction Γ[ΞK]/Γ[Ξ(1530)K]. The unit of widths and masses is MeV.
States Mass [7] Γ[ΞK] Γ[Ξ(1530)K] Γ[Ωη] Γth
total
B
2S wave |70,2 10, 2, 0, 1/2+〉 2190 0.06 2.43 · · · 2.49 0.02
|56,4 10, 2, 0, 3/2+〉 2065 1.03 0.96 · · · 2.00 1.07
1D wave |56,4 10, 2, 2, 1/2+〉 2210 51.8 4.53 · · · 56.3 11.4
|56,4 10, 2, 2, 3/2+〉 2215 25.8 15.7 · · · 41.5 1.64
|56,4 10, 2, 2, 5/2+〉 2225 6.58 22.6 0.11 29.2 0.29
|56,4 10, 2, 2, 7/2+〉 2210 26.2 1.51 · · · 27.7 17.4
|70,2 10, 2, 2, 3/2+〉 2265 7.40 11.9 1.60 20.9 0.62
|70,2 10, 2, 2, 5/2+〉 2265 0.99 11.6 0.83 13.4 0.08
B. 2S wave states in the N = 2 shell
In the quark model, there are two 2S wave states with
JP = 1/2+ and JP = 3/2+, i.e. |70,2 10, 2, 0, 1/2+〉 and
|56,4 10, 2, 0, 3/2+〉. In Ref. [7], their masses were predicted
to be about 2.19 GeV and 2.06 GeV [7], respectively. Us-
ing these predicted masses, we calculate their partial and
total strong decay widths. Our results have been listed
in Table III. It is found that both |70,2 10, 2, 0, 1/2+〉 and
|56,4 10, 2, 0, 3/2+〉 are most likely to be the fairly narrow
states with a width of Γ ∼ 2.0 MeV.
The dominant decay mode of |70,2 10, 2, 0, 1/2+〉
is Ξ(1530)K. While the dominant decay modes of
|56,4 10, 2, 0, 3/2+〉 are ΞK and Ξ(1530)K, and the pre-
dicted branching fraction ratio is
B[|56,4 10, 2, 0, 3/2+〉 → ΞK]
B[|56,4 10, 2, 0, 3/2+〉 → Ξ(1530)K] ≃ 1.07. (14)
From the point of view of the mass and decay width, we can’t
excluded the first radially excited Ω state |56,4 10, 2, 0, 3/2+〉
as a assignment of the newly observedΩ(2012) state.
In addition, we also plot the decay widths of
|70,2 10, 2, 0, 1/2+〉 and |56,4 10, 2, 0, 3/2+〉 as functions
of the masses in the range of M = (2000 − 2300) MeV in
Fig. 2. The variation curves between the decay widths and
the masses of the two states can be obtained from the figure.
C. 1D wave states in the N = 2 shell
There are six 1D wave states according to the quark model
classification (see Table I). Their masses are estimated to be
in the range of 2.2 − 2.3 GeV in various quark models. With
the predicted masses from Ref. [7], we further analyze the
decay properties of the 1D wave states in the N = 2 shell,
and collect their strong decay widths in Table III. The pre-
dicted masses of the 1D wave states certainly have a large
uncertainty, which may bring uncertainties to our theoretical
predictions. To investigate this effect, we plot the total and
partial decay widths of these states as functions of the masses
in the range of M = (2100 − 2400) MeV in Fig. 2 as well.
It is found that the total decay widths of the 1D wave states
are not broad, they are about Γ ≃ (10 − 100) MeV. The strong
decays of both |56,4 10, 2, 2, 1/2+〉 and |56,4 10, 2, 2, 7/2+〉
are governed by the ΞK mode. The strong decays of
both |56,4 10, 2, 2, 5/2+〉 and |70,2 10, 2, 2, 3/2+〉 are governed
by the Ξ(1530)K mode. While the |56,4 10, 2, 2, 3/2+〉
and |70,2 10, 2, 2, 3/2+〉 states mainly decay into ΞK and
Ξ(1530)K channels.
It should be mentioned that the Ω(2250) resonance with a
width of Γ = 55 ± 18 MeV listed in PDG [1] may be a good
candidate of |56,4 10, 2, 2, 5/2+〉. The Ω(2250) was seen in
the Ξ(1530)K and Ξ−π+K− channels. The measured mass of
Ω(2250) is consistent with the quark model predictions [3, 7].
Assigning it as Ω(2250), the total width is predicted to be
Γthtotal[Ω(2250)] = 36 MeV. (15)
Its strong decays are dominated by the Ξ(1530)K mode, while
the decay rate into the ΞK is sizeable. The partial width ratio
between Ξ(1530)K and ΞK is predicted to be
B[Ω(2250)→ Ξ(1530)K]
B[Ω(2250)→ ΞK] ≃ 3.2. (16)
Both the decay width and decay mode are consistent with the
observations.
As a whole, the 1D wave states are relatively narrow states
with a typical width of 10s MeV. They mainly decay into ΞK
and/or Ξ(1530)K final states. To establish these missing 1D
wave states, observations in the both ΞK and Ξ(1530)K chan-
nels are expected to be carried out in future experiments.
IV. SUMMARY
In the present work, we carry out a systematic study of the
OZI allowed two-body strong decays of Ω resonances up to
the N = 2 shell within the chiral quark model. For the newly
observed Ω(2012) state, we give a possible interpretation in
theory. Meanwhile, we give the predictions for the decay
properties of the 1D wave states, and hope to provide helpful
information for searching these missing Ω states in the future.
The newly observed Ω(2012) state is most likely to
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FIG. 2: The strong decay properties of the 2S - and 1D-wave states in the N = 2 shell.
be explained as the 1P wave state with JP = 3/2−,
|70,2 10, 1, 1, 3/2−〉. Meanwhile, with the present information
from experiments we can’t rule out the Ω(2012) as the assign-
ments of the 1P wave state |70,2 10, 1, 1, 1/2−〉with JP = 1/2−
and the 2S wave state |56,4 10, 2, 0, 3/2+〉 with JP = 3/2+
completely.
TheΩ(2250) resonance listed in PDGmay be a good candi-
date of the JP = 5/2+ 1D wave state |56,4 10, 2, 2, 5/2+〉. Gen-
erally, the 1D wave states are relatively narrow states with a
typical width of 10s MeV. They mainly decay into ΞK and/or
Ξ(1530)K final states. To establish these missing 1D wave
states, observations in the both ΞK and Ξ(1530)K channels
are expected to be carried out in future experiments.
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